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ABSTRACT 

T h i s  p a p e r  i s  t h e  l a s t  of  n i n e  d e a l i n g  w i t h  a 
" p o i n t  d e s i g n "  f o r  o p e r a t i o n s  on  a l a r g e ,  m u l t i - d i s c i p l i n a r y  # 

::JJ:ICC s t a t i o n .  Assumpt ions  of a crew s i z e  o f  s i x  and  a 
L : i r g C  e x p e r i m e n t  program lead t o  a d e s i g n  i n  which  most  on- 
1)oaTi i  e x p e r i m e n t s  r e q u i r e  l i t t l e  a s t r o n a u t  i n v o l v e m e n t .  
'I'he inerl's a b i l i t i e s  a r e  a p p l i e d  t o  a v a r i e t y  o f  p r o b l e m s ,  some 
a r i s i n g  i n  t h e  i m p r o p e r  o p e r a t i o n  of  t h e  mach ines  and o t h e r s  
from t h e  development  of  s p a c e  f l i g h t  s k i l l s  and  t h e  p e r f o r m a n c e  
of' a r e l a t i v e l y  f e w  p r o f e s s i o n a l  p rograms  where t h e  r o l e  of 
rri;111 i s  w e l l  u n d e r s t o o d  o r ,  f r a n k l y ,  e x p e r i m e n t a l .  A b i o m e d i c a l /  
M::I4' t i e v r l  opnient a c t i v i t y  o r  a s e c o n d  g e n e r a t i o n  s o l a r  ATM are  
t , , y p i t ' n I  of' a c t i v i t i e s  where  man ' s  r o l e  w i l l  b e  w e l l  u n d e r s t o o d .  
O 1 , h c ~ i A  nreas ,  i n c l u d i n g  b i o s c i e n c e ,  a s t r o n o m y ,  s p a c e  p h y s i c s ,  
r i i t~ t , (~oro ic l s ,  e a r t h  s c i e n c e s ,  e t c . ,  may v a r y  w i t h  t h e  l o g i s t i c s  
C ' Y C  Le. Manual modes f o r  c e r t a i n  l a r g e  a u t o m a t e d  s y s t e m s  w i l l  
p e r f i i i t  e x p e r i m e n t a l  t e s t  of t h e s e  f a c i l i t i e s  i n  c o m b i n a t i o n  
with a h i g h l y  t r a i n e d  on-board o p e r a t o r .  I t  i s  c o n c l u d e d  t h a t  t h e  
o p e r * a t i o n a l  p o i n t  d e s i g n  a p p e a r s  a n  a t t r a c t i v e  a l t e r n a t e  t o  
L'oricepts i n  which  e v e r y  e x p e r i m e n t  must  "need  t h e  man"; t h e  
p r a c t i c a l i t y  o f  t h e  s y s t e m ,  o f  c o u r s e ,  r e s t s  on a number of  
c o n f i g u r a t i o n ,  c o s t ,  and e x p e r i m e n t  f a c t o r s  beyond t h e  s c o p e  
o f  a s t u d y  o f  o p e r a t i o n s .  
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TECHNICAL MEMORANDUM -- 

1 N'l'1IOL)U CT I ON 

? ' h i s  p a p e r  i s  t h e  l a s t  of n i n e  c o n c e r n i n g  a s t u d y  
ol' o p e r a t i o n s  on a m u l t i - d i s c i p l i n a r y  s p a c e  s t a t i o n .  The p u r -  
p o ~ t '  o f  t h e  s t u d y  was t o  p r e s e n t  a n  o p e r a t i o n a l  " p o i n t  d e s i g n "  
01' " o n e - a c t  p l a y "  f o r  p l a n n i n g  p u r p o s e s .  The f o c u s  i s  on t h e  
rd1t.s o f  t h e  a s t r o n a u t s .  I n  o r d e r  t o  do t h i s ,  i t  h a s  been  nec -  
'es;::ciry t o  I i y p o t h e s i z e  t h e  p r o p e r t i e s  o f  a s y s t e m .  I t  i s  b e l i e v e d  
t t ia t  t l ie c r i t i c a l  a s s u m p t i o n s  are few and  t h a t  t h e  f o l l o w i n g  
suiriiriai-y d i s c u s s i o n  o f  t h e  role o f  man o n  t h e  s p a c e  s t a t i o n  de- 
pends  m a i n l y  on t h o s e  a s sumpt io r i s .  

11. .- THfi C R I T I C A L  ASSUMPTIONS 

The c r i t i c a l  a s s u m p t i o n s  as w e  see them were t h r e e  
i 1 i  t lumber  : 

1. 'l'he s p a c e  s t a t i o n  i s  f a i r l y  l a rge  a n d  long-  
l i v e d .  (We i n i t i a l l y  u s e d  t h e  S a t u r n  V 
Workshop B-2 S t u d y  ( R e f .  9 )  as a m o d e l . )  
The t i m e  i s  t h e  mid -70 ' s .  

2 .  The r o l e  o f  t h e  space  s t a t i o n  i s  t h e  p e r f o r -  
mance o f  s c i e n c e  and t e c h n o l o g y  i n  s p a c e .  
The p a y l o a d  i s  m u l t i - d i s c i p l i n a r y ;  t h e  number 
o f  e x p e r i m e n t s  i s  la rge  and  t h e  e x p e r i m e n t  
complement may change d r a s t i c a l l y  w i t h  t i m e .  
( P a r t i c u l a r  a s s u m p t i o n s  made f o r  c o n c r e t e n e s s  
are  t y p i c a l  o f  r e c e n t  s t u d i e s  [Ref s .  8 and  91) 

3 .  T h e  crew s i z e  i s  m o d e r a t e  ( s i x  men) .  

I 11. GENERAL REMARKS 

The r o l e  o f  t h e  space  s t a t i o n  i s  t o  p e r f o r m  s c i e n c e  
a t i d  i;ccliriology i n  o r b i t .  To s e t  t h e  p r o b l e m ,  t h e  men may p e r -  
f'orw s c i e n t i f i c  and t e c h n o l o g i c a l  a c t i v i t i e s ,  may a s s i s t  i n  
tliem, or may a s s u r e  t h a t  t h e y  a re  p e r f o r m e d .  The j o b s  s h o u l d  
b e  p y o p o r t i o n e d  be tween t h e s e  areas ,  i n  a c c o r d  w i t h  o u r  b e s t  
c u r r e n t  u n d e r s t a n d i n g ,  s o  t h a t  t h e  s c i e n c e  and t e c h n o l o g y  p r o -  
ki;riaiti advance:; e x p e d i t i o u s l y .  The a u t h o r s  o f  t h e  o t h e r  p a p e r s  
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1 1 ; i v ~ ’  l c i c ~ t i t i f l c t t l  some j o b s  i n  a l l  areas .  The  p r o p o r t i o n i n g  i s  
c(m[’ol>t, Lii1:ly l l k e  the  r o l e  o f  a t e c h n i c a l  man on E a r t h .  S l e e p -  
l i l y ; ,  c ’ a t l 1 i l :  and r e s t ,  e t c .  ( p e r s o n a l  m a i n t e n a n c e )  domina te  t h e  
day. ‘I’Iiere i s  a r e a s o n a b l e  amount of  t i m e  a l l o t t e d  t o  making 
t t i c h  s y s t e m  go .  There i s  a s u b s t a n t i a l  amount o f  d i r e c t e d  work 
( e . ) ’ ; .  , p e r f o r m i n g  t h e  e n g i n e e r i n g  and s c i e n t i f i c  a c t i v i t i e s ) .  
‘I’Ilei3t. i s  o p p o r t u n i t y  f o r  o c c a s i o n a l  c r e a t i v e  u s e  o f  t h e  s t a t i o n  
f a c i l i t i e s .  These  a r e  d e s c r i b e d  b r i e f l y  be low.  

IV. PERSONAL M A I N T E N A N C E  

Someth ing  be tween  h a l f  and  t w o - t h i r d s  o f  a man’s  t i m e  
i s  a l l o t t e d  t o  p e r s o n a l  ma in tenance .  We have  assumed l o n g  
t o u r s  o f  d u t y ,  t h r e e  t o  s i x  months.  We b e l i e v e  t h a t ,  for l o n g  
t - o u r s  o f  d u t y ,  t h e  nominal  p l a n  s h o u l d  n o t  s c h e d u l e  more t h a n  
the3 e i g h t -  t o  t e n - h o u r  work day shown i n  t h e  P e r s o n a l  Ma in te -  
tiaiice memorandum ( R e f .  3 ) .  The e n e r g e t i c  worker  who w i s h e s  to 
p u t  i i i  a twe lve -hour  day can  b e  d e a l t  w i t h  i n  t h e  r e a l  f l i g h t .  
blui> p l a n n i n g  p u r p o s e s ,  he  m a y  b a l a n c e  o u t  a l e s s  v i g o r o u s  op- 
ci,at,or. P e r s o n a l  ma in tenance  i n c l u d e s  p h y s i c a l  e x e r c i s e  i n  
miourits  a t  l e a s t  c o n s i s t e n t  w i t h  p r e - f l i g h t  r e g i m e s .  Normal 
i i ~ ~ c ~ c l . ;  for e n t e r t a i n m e n t  must be m e t ;  i t  s h o u l d  be  p o s s i b l e  t o  
l i c ~ i d  t he  s c h e d u l e  s o  t h a t  a s t r o n a u t s  c a n  wa tch  t h e  World S e r i e s  
if’ t J l r y  w i s h .  F o r  a r o u n d - t h e - c l o c k  a c t i v i t y ,  on t h e  a v e r a g e ,  
t w o  mtln of‘ the  s i x  a r e  a v a i l a b l e  f o r  work a t  any t i m e  ( f o r  an  
ciLii;liL-iiour work d a y ) .  

V .  M A K I N G  THE SYSTEM G O :  ROLE OF THE PRINCIPAL INVESTIGATOR 

H a n d l i n g  a s p a c e  s t a t i o n  and a l a r g e  e x p e r i m e n t  p r o -  
gram w i t h  an a v e r a g e  of  two men c a l l s  f o r  e x t e n s i v e  a u t o m a t i o n .  
‘I’llis makes s e n s e  on o t h e r  g r o u n d s .  The  o v e r a l l  s y s t e m  ( N A S A ,  
i f  you l i k e )  f o r  e x p e d i t i n g  s p a c e  s c i e n c e  and  t e c h n o l o g y  h a s  a 
t1’(amendour, i n t e l l e c t u a l  r e s o u r c e  i n  i t s  P r i n c i p a l  I n v e s t i g a t o r s .  * 
1)ata management and  t e l e m e t r y  are  m a t u r e  a r t s .  We t h e r e f o r e  
li::iunied t l lat  t h e  i n v e s t i g a t o r s  wou ld ,  where p o s s i b l e ,  o p e r a t e  
t l i c i r  e x p e r i m e n t s  r e m o t e l y ;  we assumed t h a t  t h e y  would r e c e i v e  
.;ai:iplc d a t a  p i > o m p t l y  and  c o u l d  r e s p o n d .  T h i s  r o l e  f o r  t h e  In -  
vc’.;t i g a t o r  a p p e a r s  v e r y  i m p o r t a n t  i n ,  f o r  i n s t a n c e ,  s t e l l a r  
a.;tr’oriomy ( l i e f .  6 )  and E a r t h  l o o k i n g  ( R e f .  7 )  a c t i v i t i e s .  

11; seemed r e a s o n a b l e  t o  assume t e r r e s t r i a l  cus toms  
l’oi’ t.Jieue “ o b : ; e r v a t o r i e s ” ,  e . g . ,  t h a t  t h e r e  would be  a g round  
o i ~ : : ~ ‘ ~ v a t o r y  d i r e c t o r  who would b e  r e s p o n s i b l e  for e x p e r i m e n t  
a c c c p t a t l c e  and  s c h e d u l i n g .  Some c o m p u t e r - a s s i s t e d  t i m e - l i n i n g  

* 1 r i  a l a t e r ,  v e r y  l a r g e  space  s t a t i o n ,  one would hope t o  s e e  
a r e a s o n a b l e  number o f  t h e s e  P r i n c i p a l  I n v e s t i g a t o r s  or t h e i r  
r’:riaduatc s t u d e n t ;  i n - f l i g h t .  
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would be d o n e ;  some c o m p u t a t i o n ,  p a r t i c u l a r l y  t h e  i n t e r a c t l o l l s  
w i t h  t h e  g u i d a n c e  and n a v i g a t i o n  s y s t e m s ,  e t c . ,  would be done 
on-board. 

VI. D A T A  A S S U R A N C E  AND ASSISTANCE 

The au tomated  p o r t i o n  o f  t h e  e x p e r i m e n t  p a y l o a d  i s  
r ie f lc .c ted  i n  t h e  p r e l i m i n a r y  m i s s i o n  s e q u e n c e  by a c o r r e s p o n d -  
I ti1;ly modest nomina l  a s t r o n a u t  a c t i v i t y ,  e x p r e s s e d  as a f r a c -  
t i o n  o f  a n  h o u r  p e r  wa tch .  The a s t r o n a u t s  p r o v i d e  f u n c t i o n s  
we Iiave c a l l e d  Data Assu rance  and  A s s i s t a n c e .  

Data Assu rance  i n c l u d e s  on a d a i l y  bas i s  f u n c t i o n s  
L i l i c  " c a l i b r a t e ,  c h e c k ,  a d j u s t , "  e t c . ,  which  improve  data  q u a l -  
i t y .  It i n c l u d e s  on an  o c c a s i o n a l  bas i s  f u n c t i o n s  i n c l u d i n g  
" i i o u t i n e  m a i n t e n a n c e ,  r e p a i r ,  e t c . "  The a s t r o n a u t  i s  b a s i c a l l y  
l > c . w t i d i n g  t o  s t o c h a s t i c  b e h a v i o r  i n  t h e  i n s t r u m e n t s ;  h i s  ac-  
t ion : ;  r e t u r n  t he  i n s t r u m e n t  t o  n o m i n a l  p e r f o r m a n c e  and  " a s s u r e "  
tlie r e t u r n  o f  da ta  o f  improved q u a l i t y .  

A s s i s t a n c e  i n c l u d e s  on a n e a r - d a i l y  b a s i s  f u n c t i o n s  
inconven ie r i t  t o  a u t o m a t e ,  such  as t h e  change  o f  a u x i l i a r i e s  a t  
t l i c  f o c u s  o f  a t e l e s c o p e ,  chang ing  f i l m ,  e t c .  A t  t h e  e n d s  o f  
t i i t .  l o g i s t i c s  c y c l e  when new i n s t r u m e n t s  a re  b r o u g h t  t o  t h e  
: ; t a t i o n ,  tlie a s t r o n a u t  may p e r f o r m  m a n u a l l y  f u n c t i o n s  ( e . g . ,  
1 n . i t a l l a t i o n )  which o c c u r  r a r e l y  i n  t h e  i n s t r u m e n t ' s  l i f e  and  
are riot i m p l i c i t  i n  i t s  normal  o p e r a t i o n .  

l t  s h o u l d  be emphas ized  t h a t  i n  t h i s  p o i n t  d e s i g n ,  
ljata Assurance and A s s i s t a n c e  t ake  o n l y  a modest  f r a c t i o n  o f  
t i l e  d a y  (perhaps t e n  p e r c e n t ) .  T h e y  do n o t  r e q u i r e  h i g h l y  spe -  
c i a 1 l : : e d  t r a i n i n g .  Needs f o r  t h e  f u n c t i o n s  o c c u r  r a r e l y  f o r  a 
y;iveri i n s t r u m e n t ,  s o  t h e  modest manned a c t i v i t y  s u p p o r t s  a 
lar.k~;e number o f  i n s t r u m e n t s .  C o n c e p t u a l l y ,  t h i s  migh t  i n c l u d e  
!IO$ o f  t h e  on-board  s c i e n t i f i c  a c t i v i t y .  

V I l .  B I O M E D I C I N E / M A N N E D  SPACE FLIGHT DEVELOPMENT 

For t h e  Biomedic ine  memorandum ( R e f .  5 )  i t  i s  assumed 
t t icr t  t h e  s p a c e  s t a t i o n  f o l l o w e d  a 56-day A A P  m i s s i o n ,  a n d  t h a t  
tile ( q u a l i f i c a t i o n  of man f o r  l o n g  d u r a t i o n  f l i g h t  i s  a m a j o r  
o b j e c t i v e .  One t h i r d  o f  t h e  a v a i l a b l e  man-hours a re  a s s i g n e d  
to iiit.dica1 o b s e r v a t i o n s .  The  p a r t i c u l a r  es t imates  ( R e f .  5 )  
a r c '  t)ased on t h e  u s e  of t h e  I n t e g r a t e d  M e d i c a l  and  B e h a v i o r a l  
Lcll~oi-atory Measurements  S y s t e m  (IMBLMS) , p e r f o r m i n g  a l l  meas- 
ui'c!rit-nt.; on a l l  crew members ,  r e p e a t i n g  a c y c l e  i n  two w e e k s .  
A . ;u t~jc .c t  and  o b s e r v e r  a r e  r e q u i r e d .  
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For  s e n s i t i v i t y  ana1y:;is  t h e  rnt.dica1 a c t l v f  t y  1 :: 
tkloul:ilt o f  as d e c r e a s i n g  i n  t i m e ,  r e p l a c e d  b y  a program of' 
rnaiined c a p a b i l i t y  e x t e n s i o n  i n c l u d i n g  f o r  i n s t a n c e :  E V A  
deve lopment  b i o t e c h n o l o g y ,  and human e n g i n e e r i n g .  I t  seems 
a p p r o p r i a t e  t ha t  a s p a c e  s t a t i o n  s h o u l d  have a MSF development  
ac t ,  i v l t y  o f  t h i s  s i z e .  

V I 1  I .  PEHFOKMANCE OF SCIENTIFIC AND T E C H N O L O G I C A L  ACTIVITIES 

I n  t h e  r e m a i n d e r  of  t h e  p o s t u l a t e d  a c t i v i t i e s ,  t h e  
a;:t;I.oiiaut a p p e a r s  " i n  t h e  loop"  o f  t h e  e x p e r i m e n t a l  a c t i v i t i e s  
01' t1ie s t a t i o n .  I n  a l m o s t  eve ry  c a s e  he  i s  s u p p l e m e n t i n g  a u t o -  
mated s y s  terns. 

The c o n c e p t  o f  t h e  "nominal  d a y "  t e n d s  to f a i l  h e r e ,  
because  some o f  t h e  expe r imen t  s y s t e m s  are  a c t i v e  o n l y  f o r  one 
1 o p : i s t i c s  c y c l e  o f  t h e  s t a t i o n  l i f e .  O t h e r  a c t i v i t i e s  may re-  
quire o n l y  a f e w  h o u r s  a w e e k .  T h i s  i s  e x p r e s s e d  i n  p a r t  i n  
tile t i m e - l i n e  o f  t h e  nomina l  day  by a s u b s t a n t i a l  a l l o t m e n t  t o  
" d t h e r  S c i e n c e  and  Technology."  The v a r i e t y  o f  t h e  work i s  
e x p r e s s e d  i n  o t h e r ,  s p e c i f i c  a l l o t m e n t s .  B i o s c i e n c e ,  S o l a r  
AsLronomy, F i l m  P r o c e s s i n g ,  and t h e  manual  modes f o r  t h e  ob- 
s e r v a t o r i e s  w i l l  be d i s c u s s e d .  

A .  B i o s c i e n c e  

111 t h e  i n i t i a l  s t a t e m e n t  o f  t h e  p o i n t - d e s i g n ,  b i o -  
. ;cicll lce was s e l e c t e d  a r b i t r a r i l y  as a n  on-board  l a b o r a t o r y  
d L s c i p l i . n e J  t y p i c a l  o f  o t h e r s  s u c h  as s p a c e  p h y s i c s  o r  ma te r -  
ia-1:; : ; c i e n c e .  I t  was conce ived  as a d i s c i p l i n e  which might  b e  
pursued f o r  one or two l o g i s t i c s  c y c l e s  w i t h  a s p e c i a l i s t  as- 
t r io i lau t  or1 b o a r d .  The man i s  d e s c r i b e d  ( R e f .  6 )  as p e r f o r m i n g  
a tiumber o f  f u n c t i o n s  ( f r o m  f e e d i n g  a n i m a l s  t o  e x t r a c t i n g  and  
a i i a l y z i n g  samples  ) which i n  t o t o  p r e s e n t  s u b s t a n t i a l  p rob lems  
for a u t o m a t i o n .  I t  i s  e x p e c t e d  t h a t  k e e p i n g  t h e  spec imen c o l -  
o i i i e s  a l i v e  and  h e a l t h y  may i n v o l v e  u n e x p e c t e d  p r a c t i c a l  p rob-  
l o r i i s .  I n  a d d i t i o n ,  m e d i c a l  deve lopment  a c t i v i t i e s  ( e . g . ,  de- 
V C ~  Lopriient of' s u r g i c a l  t e c h n i q u e s  and  o f  s t e r i l e  a n a l y s i s  t e c h -  
nique:: [ e x o b i o l o g y ] )  are  a l s o  i d e n t i f i e d .  

H. S o l a r  Astronomv 

S o l a r  a s t ronomy,  i f  pe r fo rmed  on a s p a c e  s t a t i o n ,  
wi 11 be a s e c o n d - g e n e r a t i o n  manned i n s t r u m e n t  s y s t e m .  Knowing 
tiiaL tills s y s t e m  will e v o l v e  from t h e  ATM-A,  we have f o r  s i m -  
plicity d e r i v e d  t h e  a c t i v i t y  ( n i n e  man-hours p e r  d a y  p l u s  man- 
p o w e ~  f o r  f l a r e - m o d e )  from ATM-A p l a n s  ( R e f .  7 ) .  I t  i n c l u d e s  
tlie d i r e c t i o n  o f  small f i e l d - o f - v i e w  i n s t r u m e n t s  t o  s o l a r  f e a -  
t u r ~ u  which a p p e a r  on a r a p i d  t i m e  s c a l e ,  a t  p o s i t i o n s  which 
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are  r e l a t i v e l y  u n p r e d i c t a b l e .  I d e n t i f i c a t i o n  o f  t h e  f e a t u r e s  
r e q u i r e s  t h e  r e c o g n i t i o n  of complex p a t t e r n s .  T h i s  i s  a t y p i -  
c a l l y  human a c t i v i t y .  A t i m e  a l l o t m e n t  o f  t h i s  s i z e  i s  rea-  
s o n a b l e  f o r  a s p a c e  s t a t i o n ;  i n  t h e  l o n g  r u n ,  s o l a r  a s t ronomy 
might b e  s u p p l a n t e d  by o t h e r  d i s c i p l i n e s .  

C .  Pi l m  P r o c e s s i n g  

T h i s  l o o s e l y  d e f i n e d  mode was p l a c e d  a r b i t r a r i l y  
undtlii a s t ronomy (Ref .  7 )  i n  t h e  a s s o c i a t e d  p a p e r s .  More gen- 
crally a p p l i c a b l e ,  i t  i n c l u d e s  any manual  a c t i v i t y  h e l p f u l  f o r  
on-boa1.d f i l m  p r o c e s s i n g ,  t a p e  s t o w a g e ,  e t c .  a n d ,  more impor-  
t a n t ,  t h e  s c a n n i n g  o f  data t o  s e l e c t  s ample  frames or p o r t i o n s  
o f  frames to be r e t u r n e d  by  t e l e m e t r y  t o  t h e  P r i n c i p a l  I n v e s -  
t i g a t o r s  f o r  q u i c k - l o o k  i n f o r m a t i o n .  T h i s  r e p r e s e n t s  a capa-  
L i i l i t y  for i n t e l l i g e n t  d a t a  c o m p r e s s i o n . *  The da t a  s e l e c t i o n  
c r i t e i - i a  c a n  be a r b i t r a r y ;  t h e  number o f  frames which  c a n  be 
examined  i s ,  however ,  bounded,  and  u n l e s s  t h e  s e l e c t i o n  c r i -  
t c l r l a  a re  o b v i o u s ,  f a i r l y  small. 

1, . Manual Modes f o r  t h e  O b s e r v a t o r i e s  

P e r h a p s  as i m p o r t a n t  as t h e  i d e n t i f i e d ,  d a i l y  b l o c k s  
or t ime ,  a re  t h e  o c c a s i o n a l  a c t i v i t i e s  a n d  c e r t a i n ,  p o t e n t i a l  
a c t i v i t i e s  which a r e  i d e n t i f i e d  i n  t h e  a t t a c h e d  p a p e r s .  We 
c e r t a i n l y  do  n o t  know a t  t h i s  t i m e  what man-machine s y s t e m s  
arc optimum, e v e n  f o r  a s ix-man s p a c e  s t a t i o n .  I f  w e  d i d  know, 
tlie o p t i m a  w i l l  c e r t a i n l y  s h i f t  as s u c c e s s o r  s p a c e  s t a t i o n s  
are b u i l t .  It i s  i m p o r t a n t ,  t h e n ,  t ha t  w e  h a v e  a c a p a b i l i t y  
for l e a r n i n g  b u i l t  i n t o  t h e  e a r l y  s t a t i o n .  An example a r i s e s  
i n  t h e  manual  modes f o r  t h e  " o b s e r v a t o r i e s  . I '  

Z i l l  ( R e f .  7 )  recommends t h a t  a c o n t r o l  c o n s o l e  w i t h  
f u l l  m o n i t o r i n g  and  c o n t r o l  c a p a b i l i t y  be  a v a i l a b l e  f o r  t h e  
p o s t u l a t e d  1 meter s t e l l a r  t e l e s c o p e .  The t e l e s c o p e ' s  n o r m a l  
 node i s  a u t o m a t e d .  The c o n s o l e  w i l l  a s s i s t  i n  any m a i n t e n a n c e  
a c t i v i t i e s ,  p e r m i t  back-up i n  t h e  c a s e  of  f a i l u r e s  i n  t h e  l i n k  
t o  tlle P r i n c i p a l  I n v e s t i g a t o r s ,  and i n  t h e  i n s t a n c e  t h a t ,  f o r  
01 l ( '  l o g i s t i c s  c y c l e ,  a n  a s t r o n o m e r  i s  i n - f l i g h t ,  p e r m i t  him 
(Ln accord .  w i t h  t h e  t e l e s c o p e  s c h e d u l e )  t o  work d i r e c t l y  w i t h  
i t .  Elam's t r e a t m e n t  o f  t h e  E a r t h - l o o k i n g  f a c i l i t y  ( R e f .  8 )  
i s  : ; L m i l a r .  

* 'l'liere i s  a n  i m p l i c i t  a s s u m p t i o n  t ha t  ( a )  d a t a  a c q u i s i t i o n  
r a t e s  w i l l  exceed  t e l e m e t r y  r a t e s  and  ( b )  some da ta  w i l l  b e  
r e t u r n e d  much f a s t e r  t h a n  o t h e r  da ta .  These  seem r e a s o n a b l e  
for a n y  g e n e r a l  p u r p o s e  s p a c e  s t a t i o n .  
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There  i s  a h y p o t h e s i s  h e r e  t h a t  c e r t a i n  s t u d i e s  of  
I an e x p l o r a t o r y  n a t u r e  move b e s t  w i t h  a minimum o f  a u t o m a t e d  
l l n k s  between t h e  d a t a  and t h e  o b s e r v e r .  Most s t u d i e s  a re  n o t  
e x p l o r a t o r y .  Data and p a r t i a l  u n d e r s t a n d i n g  e x i s t ,  and  t h e  
e f f i c i e n t  c o u r s e  i s  t o  h a r n e s s  a l a rge  number o f  P r i n c i p a l  I n -  
v e s t i g a t o r s  and l e t  them d i r e c t  t h e  i n s t r u m e n t s  v i a  au tomated  
s e q u e n c i n g  i n  a r a p i d  and v a r i e d  e x p e r i m e n t s  p rogram.  The ex-  
p l o r a t o r y  measurements  s h o u l d  be  l e s s  r e g i m e n t e d .  I n  t h e  p o i n t  
d e s i g n ,  w e  assume tha t  s k i l l e d  a s t r o n a u t s  can  o p e r a t e  t h e  m a j o r  
f a c i l i t i e s  d i r e c t l y  f o r  a s m a l l  f r a c t i o n  o f  t h e  s t a t i o n  l i f e .  
Tlie impact  on c o n f i g u r a t i o n *  i s  h e l p f u l  (as r e g a r d s  m a i n t e n a n c e  
arid back-up c a p a b i l i t y ) .  H o p e f u l l y ,  t h i s  w i l l  b o t h  a t t r a c t  
b e t t e r - t r a i n e d  s p e c i a l i s t s  i n t o  t h e  a s t r o n a u t  p o p u l a t i o n  and  
l e a d  t o  a b e t t e r  u n d e r s t a n d i n g  for t h e  d e s i g n  o f  s u c c e e d i n g  
f a c i l i t i e s .  

IX. SUMMARY 

T h e  a s s o c i a t e d  p a p e r s  and t h i s  have  p r e s e n t e d  a 
v a r i e d  and ,  w e  t ~ e l i e v e ,  a t t r a c t i v e  r o l e  for man on a l a r g e  
m u l t i - d i s c i p l i n a r y  s p a c e  s t a t i o n .  It i s  i m p o r t a n t  t ha t  w e  
have  a t t e m p t e d  t o  u s e  man i n  s p a c e  as on E a r t h .  Men b r i n g  t o  
t h e  s y s t e m  p e r c e p t i o n ,  i n t e l l i g e n c e  and a d a p t i v e  a c t i o n .  They  
b r i n g  a s u b s t a n t i a l  c o s t  i n  s l e e p  t i m e ,  i n  food  and a i r ,  and 
i n  t h e  c a p a b i l i t y  f o r  w e a r i n e s s  and boredom. The a s s u m p t i o n s  
o f  small  crew s i z e  ( s i x )  and a l a r g e  e x p e r i m e n t  program l e d  u s  
t o  p o s t u l a t e  a s c h e d u l e  where t h e  men’s  a b i l i t i e s  can  be a p p l i e d  
t o  a v a r i e t y  o f  p r o b l e m s ,  some a r i s i n g  i n  t h e  i m p r o p e r  o p e r a t i o n  
o f  mach ines  and o t h e r s  f rom t h e  development  of  s p a c e  f l i g h t  
s k i l l s  and t h e  pe r fo rmance  o f  s c i e n t i f i c  and t e c h n o l o g i c a l  ex- 
p e r i m e n t s .  Aside f rom p e r s o n a l  m a i n t e n a n c e ,  t h e  b u l k  o f  crew 
a c t l v i t y  c e n t e r s  on areas  (biomedicine/MSF d e v e l o p m e n t ,  S o l a r  
Astronomy, b i o s c i e n c e ,  e t c .  ) where human r o l e s  are w e l l  under -  
s t o o d .  Automation p e r m i t s  t h e  P r i n c i p a l  I n v e s t i g a t o r s  on t h e  
g round  t o  d i r e c t  most o f  t h e  r e m a i n i n g  a c t i v i t y .  The f l i g h t  
man-power complements t h i s ,  and i s  n o t  a s c h e d u l i n g  b o t t l e n e c k >  
A t  the same t i m e ,  t h e  p r o v i s i o n  o f  manual  modes,  h e l p f u l  f o r  
on-board  m a i n t e n a n c e  and t h e  back-up o f  au tomated  s y s t e m s ,  p e r -  
m i t r  t h e  h a r n e s s i n g  of t h e  h i g h e r  f a c u l t i e s  o f  s p e c i a l i s t  as- 
t r o n a u t s ;  i t  f u r t h e r  o f f e r s  e x p e r i e n c e  f o r  t h e  d e s i g n  o f  f u t u r e  
s p a c e  s t a t i o n s .  

X. CONCLUSIONS 

A s  a p o i n t - d e s i g n ,  t h i s  s t u d y  has been  more s u i t e d  t o  
t h e  r a i s i n g  of q u e s t i o n s  t h a n  t o  r e a c h i n g  c o n c l u s i o n s  or r e c -  
ommendat ions .  We b e l i e v e  t h e  f o l l o w i n g  t o  b e  p e r t i n e n t  r e s u l t s  : 

* 1 I i E ; h  r e s o l u t i o n  t e l e s c o p e  o p e r a t i o n s  must  o f  c o u r s e  be i s o -  
l a t e d  f rom s p a c e c r a f t  v i b r a t i o n  s o u r c e s  i n c l u d i n g  man. 
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2.  

3. 

4 .  

5 .  

6 .  

This o p e r a t i o n a l  p o i n t  d e s i g n ,  i n  which most  
on-board e x p e r i m e n t s  r e q u i r e  l i t t l e  a s t r o n a u t  
i n v o l v e m e n t ,  i s  an a t t r a c t i v e  a l t e r n a t e  t o  
c o n c e p t s  where e v e r y  e x p e r i m e n t  must  "need  
t h e  man. '' 
Then,  t h e  s c h e d u l i n g  o f  t h e  men can  be f l e x i b l e .  
"Needs" a r i s e  when s y s t e m s  or e x p e r i m e n t s  m a l -  
f u n c t i o n  o r  r e q u i r e  s p e c i a l  a d j u s t m e n t s  ; t h e y  
can  be m e t ,  i r r e g u l a r l y ,  as t h e y  a r i s e .  The 
m a j o r  s c i e n t i f i c  and  t e c h n o l o g i c a l  r e t u r n  o f  t h e  
s t a t i o n  i s  decoup led  from t h e  d e t a i l e d  a s t r o -  
n a u t  t i m e l i n e .  

Major  i n s t r u m e n t  c l u s t e r s ,  a s t r o n o m i c a l ,  
E a r t h  l o o k i n g ,  e t c . ,  s h o u l d  have au tomated  and  
manual modes,  w i t h  t h e  u s e f u l n e s s  o f  t h e  
l a t t e r  t o  be d e t e r m i n e d  by  e x p e r i e n c e .  

I t  i s  n o t  u n r e a s o n a b l e  t h a t  t h e  body o f  a s t r o -  
n a u t  working  t i m e  s h o u l d  be  d e v o t e d  t o  a f e w  
p r o f e s s i o n a l  programs where t h e  r o l e  o f  man 
I s  wel l  u n d e r s t o o d  or f r a n k l y  e x p e r i m e n t a l .  
Biomedicine/MSF development  w i l l  be o n e ;  t h e  
o t h e r s ,  s c i e n t i f i c  or e n g i n e e r i n g  i n  n a t u r e ,  
w i l l  v a r y  w i t h  t h e  l o g i s t i c s  c y c l e  and  w i t h  t h e  
p r o f e s s i o n a l  t r a i n i n g  o f  t h e  a s t r o n a u t ;  b i o -  
s c i e n c e ,  a s t ronomy,  p h y s i c s ,  mater ia ls  s c i e n c e ,  
e a r th  s c i e n c e s ,  e t c . ,  are p o s s i b i l i t i e s .  These 
a c t i v i t i e s  are a small p a r t  of  t h e  t o t a l  s t a t i o n  
a c t i v i t i e s .  

We s u s p e c t  t h a t  a m o d i f i c a t i o n  o f  t h e  p o i n t  de-  
s i g n  would s t i l l  b e  a t t r a c t i v e  f o r  c rew s i z e s  
o f  perhaps 3 t o  9 ;  b u t  t h a t  t h e  s y s t e m  c o n c e p t  
would b e  l ess  a t t r a c t i v e  f o r  c rews  smaller  or 
much l a rge r .  

The p r a c t i c a l i t y  o f  t h i s  p o i n t  d e s i g n  r e s t s  on 
a number o f  f a c t o r s  beyond t h e  s c o p e  o f  a s t u d y  
o f  o p e r a t i o n s .  The c o s t  of t h e  la rge  e x p e r i m e n t  
program and t h e  p r a c t i c a l i t y  o f  d e s i g n  f o r  main- 
t e n a n c e  and  r e p a i r  may b e  t h e  most s i g n i f i c a n t  
f a c t o r s .  

1011-GTO-Cb G .  T .  Owrok 
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